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M3ydeHune KCeHOJIUTOB KOPOBLIX ITOPO.I U3 KUMOepauToBoii Tpyoku HoBunHka (BepxHe-MyHckoe Kumbep-
JIMTOBOE T10JIe) TTOKAa3aJIo, YTO KOpa Ha pa3HbIX YPOBHSX CJIOKEHA IMMUPOKCEHOBBIMU, TpaHaT-TIMPOKCEHO-
BbIMU KPUCTAJUIMYECKMMM CJIaHIIaMU U TpaHAT-TIMPOKCEHOBbIMU THelicaMu. CTpyKTyphl paciajia B MH-
pokceHax 1 ampubdoiax, KaeMKM TpaHaTa BOKPYT 3€peH MJIbMEHUTA U IMTMPOKCEHOB CBUIETEIBbCTBYIOT O
TOM, UYTO MUHEpaJIbHbIE aCCOLMALIMM KPUCTAJUTMYECKUX CIaHIIEB 00pa3oBavcCh MPU OCTHIBAHUU MOPOJ,
MPU MOCTOSTHHOM JiaBjieHUsl. PT-TiapaMeTpbl paBHOBECHSI CBUIIETEJILCTBYIOT O TOM, YTO TpaHaT-ITMPOKCe-
HOBBIE KpUCTAJUIMUECKME CJIaHIIbI IIPUCYTCTBYIOT B cpenHeit kope (P = 7—8 Kbap), B TO ke BpeMs I'paHaT-
IMUPOKCEHOBBIE THEWCHI MOTYT pacCMaTPUBAThLCS KaK MOPOIbl HIKHel Kophl (P = 9—10.1 k6ap). BriepBrie
B KCEHOJIUTAX KPUCTAULTNYECKUX CJIAHIIEB YCTAHOBJIEH CONAIUTA, CBUAETENBCTBYIOIIMIA O MPUCYTCTBUU Ha
3aKJTIOYMTETbHBIX CTAIUSX OXJIAXKIESHMS TTOPOJI pacCOJIOB C BbicoKoi koHIIeHTpanueit NaCl. OnipeneneHust
U—Pb-Bo3pacTa HIUPKOHOB CBUIETEIBCTBYIOT O HeoapxeiicKoM (2.7 MJIpH JIET) TEKTOHO-TEpMaJIbHOM 3Ta-
e, CONMpPOBOXAABIIEMCS TUIaBJIEHUEM KOpbl. B rpaHaT-TIMpOKCEHOBBIX THelicax cj1abo TpOSIBIEH 3Tall
1.9 mupn siet. [TosiydeHHbIE TaHHBIE TTIOATBEPXKIAIOT ClIeJIAHHOE paHee 3aKII0UeHUE O BEPTUKAJIbHOM U Jia-
TepaJibHOI HEOMHOPOTHOCTH KOPHI SIKYTCKO# alIMa30HOCHOM MPOBUHILIMU 1 00 OTCYTCTBUU 3aBUCUMOCTH
MEXY CTETEeHbIO MepepaboTKU KOPhI, U €€ MTPOCTPAHCTBEHHOM PAaCIIOJOXEHUU OTHOCUTENBHO TIABHBIX
KOJUIM3BMOHHBIX 30H CHOMPCKOTO KpaToHa.

Karoueesnie cro6a: HIKHSS Kopa, KuMOepauT, kceHonut, U—Pb-gatupoBaHue MpKOHOB, BO3PacT IIPOTO-
JINTOB, YCJIOBUsI MeTaMOpdU3Ma, TEKTOHO-TEPMaJIbHbIE ITaTlbl

DOI: 10.31857/S2686739722602393, EDN: SQZJYF

BBEAJEHUWE

B Hacrosee Bpems IpeoOJiamaloleil siBIsieTCS
TOUKa 3PEHMsI, COIJIACHO KOTOpPOI amMabraMmarius
Cubupckoro KpaToHa IIpoun30lilia B NaJeOIPOTEPO-
30¢ (1.9—1.8 mapn net) [1]. C aTuM 3TarioM OTOX-
JIECTBIISICTCSI OKOHYATEIbHOE (DOPMUPOBAHUE HIK-
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Helt Kopel CHMOMPCKOTO KpaToHa, OOYCIIOBIEHHOE
koutu3ueit JamapiHckoro, MaraHckoro u MapxuH-
ckoro TeppeitHoB [2]. OmHaKo TOJlyudeHHbIe paHee
JIaHHbIE MO MCCIEeNOBAHUIO KCEHOJMTOB HUXHEKO-
POBBIX TIOPOA U3 Pa3IMYHbIX KMMOEPJIUTOBBIX TPY-
060K SIKyTCKOI1 aIMa30HOCHOI mpoBUHLIMMU [3], CBU-
JIETEIBCTBYIOT O TOM, 4To 3tamn 1.8—2.0 MJIpa 1eT He
MPOSIBJIEH B LIMPKOHAX U3 HMXKHEKOPOBBIX KCEHOJIM-
ToB BepxHe-MyHCKOTo KUMOEpPIUTOBOTO MOJsI, KO-
TOpPOE PACIIOJIOXKEHO PSIIOM C TIpearoaraeMoit Ko-
JIM3MOHHOM 30HOM, oTaeisionieil JamapIHCKUT W
MapxuHckuii Teppeitnsl [1] (puc. 1). B To e Bpems
9TOT 3Tan (UKCUPYeTCsl B LIMPKOHAX M3 KCEHOJUTA
Ma(dHrIecKoro rpaHaTOBOTO TpaHyInTa TPyOKn boTty-
obuHcKkass HaxkbIHCKOro KHMMOEpJIMTOBOIO MOJIS,
pacMoJIOXKEHHOTO B MPOCTPAHCTBEHHOM yaaJleHUU
OT U3BECTHBIX KOJJIM3UOHHbBIX 30H. DTU JaHHbIE CTa-
BAT (byHIAMEHTAIbHBIN BOMPOC O CBSI3U MPOLIECCOB
Moau(dUKAIIUM U CTAHOBJICHUSI HUKHEH KOpbl AHa-
0apcKoii TEKTOHWYECKOW NPOBUHIIMM C 3STanaMu
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Puc. 1. OcHOBHBIE CTPYKTYpHBIe 37eMeHThl CruoupckpHp KpatoHa (1o [1, 20]). CepbIM LIBETOM MOKa3aHbI BHIXOABI TOKEM-
Opuiickux mopos, 3Be3abl — KuMOepiauToBelie noiist: I — BepxHe-MyHckoe kuMmbepiauToBoe mnose (Tpyoka Hosuuka), 2 —
Kyoiickoe kumbepauroBoe mojie (Tpyoku O6HaxeHHast, Broporognuiia, OnuBuHoOBast), 3 — JdalablHCKOe KMMOEpIUTOBOE
noJje (Tpyoku YnauHasi, 3apHulia), 4 — AJJaKuT- MapXuHCcKoe KUMOepauToBoe noJje (Tpyoku Atixan, FOouneitnas, ChITbIKaH-
ckasi), 5 — HakbiHckoe kubepiuroBoe mnoste (Tpyoku HiopGuHckasi, boryoGunckast), 6 — Majno6oTyoOMHCKOE KUMOEPIUTO-

Boe T10J1e (Tpyoka Mup).

KOJUIM3UK TeppeiiHoB CUOUPCKOTO KpaTOHA, a TAKXKe
0 BpeMeHU ero opmupoBaHusi. O0600IIeHNE U30-
TOMHO-T€OXUMUUYECKUX TaHHBIX MOKA3bIBAET, UTO B
3eMHOI Kope AHa0apCKO TeKTOHMYECKOM IMPOBUH-
MU OTCYTCTBYET BO3pacTHasl cTtpatudukauus [4].
OHa coCTOUT U3 B pa3IMYHON CTEIIEHU IepepadoTaH-
HBIX Maje0apXeiCKUX U IOBEHUJIbHBIX MPOTEPO30ii-
CKUX TOpPOJl Ha pa3HbIX YPOBHSIX. BepTukanbHas u
JlaTepajibHas TeTEPOTreHHOCTh KOpPBI 3aCTaBIISIET C
OCTOPOXHOCTBIO PACIPOCTPAHSITh HAHHLIE, ITOJY-
YeHHbIE MO KCEHOJUTAM OTHON KMOEPIUTOBOM TPyO-
KU1 Ha Bech Teppeiit [4]. B aToi1 cBSI3M 11 yTOUYHEHM S
CTpOEHMsSI W B3BOJIIOLIMK KOpHI B paifoHe Bepxhe-
MyHCKOTro KUMOEPJUTOBOTO MOJIsSI HAMU MPOBEACHO
ncciaemoBaHne KOpoBhIX mopon n onpeneiieH U—Pb-

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

BO3pacT LHUPKOHOB M3 KCEHOJIUTOB KMMOEPIUTOBOM
Tpyoku HoBHHKA, pacHoNOXeHHOMN B IIECTH KUJIO-
MeTpax loro-3aragHee TpyOKu 3artojsipHasi, KCeHO-
JIMTBI KOTOPHKIN ObUIN MCClIefOBaHBI HaMu paHee [3].

METO/bI UCCIIEJOBAHHWA

XMMHUYECKUI COCTaB MUHEPAJIOB (KOHLIEHTpalluK
TaBHBIX 271eMeHTOB) onpenensiicsa B UT'M CO PAH
C MOMOIIIBIO METOAA PEHTTEHOCNEKTPAIbHOTO MUK~
poaHaiM3a ¢ UCHOJIb30BaAHMEM 3JICKTPOHHOIO MUK-
poszonma “JEOL” JXA 8100 (1oKaJbHOCTH ITy4dKa
2 MKM Tipu cujie Toka 20 HA u HanpsikeHuu 15 kB).
KoHueHTpaiuy DIaBHBIX 3JIEMEHTOB B IOpOIax
OMpPEeNENISIMCh METOIOM PEHTIeHOMII00PECIIEHTHO-
ToMm 508
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Ta6mmma 1. BanoBelii cocTaB MOpo U3 UCCIeTOBAaHHBIX KCEHONMTOB (Mac. %) 1Mo JaHHBIM PEHTTeHOMII00PECIIEHTHOTO

aHaJIn3a

OGpasent| SiO, | TiO, [ALO; |Fe,05| MnO | MgO | CaO {Na,O| K,0 [ P,Os | Sr | Zr | Ba |TIIIII|Cymma
H-19-3 [40.98| 0.64 | 16.74 | 5.93 | 0.07 | 4.67 |14.90 | 6.62 | 1.28 | 0.16 | 0.10 | 0.01 | 0.06 | 6.14 | 98.31
H-19-28 | 42.58 | 0.79 | 15.51 | 9.28 | 0.14 | 5.45 |14.06 | 5.35 | 1.02 | 0.30 | 0.10 | 0.01 | 0.10 | 3.84 | 98.52
H-19-31 | 41.36 | 1.02 | 16.2513.39 | 0.15 | 6.69 [12.63 | 3.17 | 1.11 | 0.28 | 0.10 | 0.01 | 0.05 | 3.54 | 99.74
H-19-29 | 58.38 | 0.61 |16.44| 6.27 | 0.08 | 6.39 | 4.29 | 3.50 | 2.34 | 0.17 | 0.12 | 0.01 | 0.08 | 1.49 |100.18
H-19-37 | 58.55| 0.64 | 16.51 | 5.98 | 0.07 | 6.47 | 4.15| 3.35| 2.34 | 0.17 | 0.12 | 0.01 | 0.08 | 1.53 | 99.97

ITpumeuanue. I1II1 — moTepu npu NpoKaJIMBaHUM.

ro aHaiau3a Ha crnekrpomerpe Bruker S4 Pioneer B
99

HKIT “M30TOITHO-TeOXNMUYECKUX MCCIeTOBaHUIA
CO PAH (r. UpkyTck).

OnpeneneHre MUKPOBRJIEMEHTHOTO COCTaBa Bbl-
MOJIHEHO METOJIOM MAacC-CIEKTPOMETPUU C MHAYK-
TUBHO-CBsI3aHHOU 1azmoil (MCII-MC) Ha macc-
CMEKTPOMETPE BHICOKOTO pa3pelieHUsI C MAaTrHUTHBIM
cektopoMm ELEMENT (“Finnigan” MAT) B LKII
MHWHN CO PAH (HoBocubupck) m Ha Macc-CIeK-
TPOMETPE BLICOKOTO pa3pellieHus ¢ ABOIHON (hoKy-
cupoBkoit ELEMENT 2 (“Finnigan” MAT) B LIKII
“M3oTtonmHo-reoxumMmuyeckux wucciegopanuii” CO
PAH (Mpxyrtck). In situ U—Pb-u3otomnHerit 1 MuUK-
PO3JIEMEHTHBIN aHaJIU3bl IUPKOHOB MPOBOJAUJIUCH B
TocynapcTBeHHOI KIIFOUEBOIi 1JabopaTOpUu MO U3y-
YEHUIO MECTOPOXIEHUI TI0JIe3HbIX MCKOMaeMbIX
Hankunckoro ynuBepcureta (Hankun, Kuraii).
3epHa LMPKOHA OBLIU BBIIEJIEHbBI U3 TTOPOJ C TIOMO-
IIbIO CTAaHIAPTHOU METONUMKM MarHUTHOM W TUJIOT-
HOCTHOW cenapaluyi HEMarHUTHBIX TSXKeabIX Ppak-
uii. 3epHa LUPKOHA OBUIM 3aJUThl 3MOKCUIHOI
CMOJIOI M OTITOJIMPOBAHBI 10 LIEHTPaAJIbHBIX O001acTeit
3epeH. KaromomomuHecueHntHole (KJI) m3obpake-
HUSI IMPKOHA OBLIU MOJIYYEHBI C TIOMOIIBIO TETEKTO-
pa Oxford Centaurus Ha CKaHUPYIOILIEM 3JIEKTPOH-
HOM MUKpockorie Leo-1430VP ¢ ucnoip3oBaHueM
yCKOpSIOIIMX HanpskeHuid 12—15 kB 1 Toka anek-
TpoHHOTO IMyyka ~0.5 MA B UT'M CO PAH. U3oTom-
HeIA coctaB U 1 Pb B nmpKoHax aHaJIM3UPOBAJIM C
ucnosbzoBaHuemM MCII-MC “Thermo Scientific”
iCAP RQ, mookiIro4eHHOro K CUCTEME JIa3epHOi1 ad-
msauuu Geolas 193 HM. AHAJIMTUYECKUE TTPOLIEAYPBI
ObBLIM aHaJIOTMYHBI onmMcaHHBIM [5]. Bce pacueTsl
Bo3pacta U—Th—Pb u mocTtpoeHune nuarpaMM ¢ KOH-
KODAUSIMU BBIMIOJIHEHBI C MCHOJIbL30BAaHUEM MPO-
rpamMmbl ISOPLOT/Ex (Bep. 4.15; [6]).

PE3VYJIBTATbBI UCCIIEAOBAHUA

Mmeromasicss KOJUIEKIMSI KCEHOJIUTOB BKIIIOYAET
11 o6pas3uoB. M3 HUX n1Ba oOpa3la — rpaHaT-IMUpPOK-
ceHoBble rHeiicel (H-19-29, H-19-37), mo cocraBy
orBevalomue muoputy (tadim. 1). T'Heiicel mmeloT
nopdupo061aCTOBYIO CTPYKTYPY (puc. 2). MuHepaJib-
Has accoumanus BkimoudaeT Pl + Cpx + Opx + Kfs +
+ Qz + Grt + Amp + Bt + Ilm + Ap. Pa3smep 3epen

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

BapbupyeT oT 0.1 1o 2.4 MmM. B KiIuHONMMpPOKCEHE Ha-
OJronaroTCs JlaMesd OPTONMPOKCEHA, B IJIarMOKJ1a3e —
BPOCTKM KJIMEBOTO I0JIEBOIO 11IT1aTa, B OPTOKJIa3e —
BPOCTKH TUIarnokiasa. B kBapiie HaOmomaeTcss 60J1b-
11I0€ KOJIMYECTBO BKJIIOYEHUM KUAKOMN YTJIEKUCIOThI
(mo nanHbpIM PamaHoOBCcKOi1 criekTpockonuu). Ilna-
rMoOKja3 MO COCTaBy OTBedaeT aHAe3uHy (Tabi. 2).
OpTonupokceH He3oHaseH. Kele3ucTocTh pa3HbIX
3epeH Bapbupyert ot 37 no 41%. Conepxanue Al,O;y
OPTOIMUPOKCEHOB JIEXXUT B MHTepBaje ot 1.78 no
2.29%. Y KIMHONUPOKCEHOB HaOJIomaeTCs 30HaIb-
HOCTb, BbIDQXKEHHAs! B YMEHBIIIEHUN BEJIUUYMHBI Ke-
ne3uctoctu ot 32 mo 30%. IpaHaT meMOHCTPUPYET
cj1a0y10 perpeccuBHYIO 30HJIbHOCTb. 2Keie3ucToCThb
MeHseTcd oT 65 1o 68%.

OcTanbHbIe KCEHOJIMTHI, 3a NCKII0YeHEM 00pa3-
na H-19-28, mpeacraBiieHbI B pa3HOI CTEIIEHU U3Me-
HEHHBIMU TPaHATOBBIMM U 0Oe3rpaHaTOBBIMU KpU-
CTAJUIMYCCKMMUM ClaHIaMU. AHaJIu3bl HanMMEHee
M3MEHEHHBIX KPUCTAJUINYECKUX CIaHIICB ITOKa3hIBa-
10T HU3KUe conepxkaHusi SiO, Mpu BBICOKUX CONEP-
XKaHUSX IIejao4eit (tTaba. 1), 4To MOXKeT CBUIACTENb-
CTBOBaTh 00 MX KYMVJSITUBHOM mpupoae. MuHe-
paJibHBIE  accolyallMi B KPUCTaJUIOCIaHIIaX
pkimoyarot Pl + Cpx + Sod + Opx + Ilm + Ap = Kfs =
*+ Amp * Grt £ Scp * Bt (puc. 2 r). Ilo MmogansHOMY
COCTaBy IIOpPOObI OTBEYAIOT (hOMI-MOHIIOTA00PO.
Crpykrypa nopon mopgupobdiacroBasi. Pazmep 3e-
peH Bapoupyert ot 0.1 1o 4 mm. Pasmep nmopcdupobiia-
CTOB IUIarMoKJjasa JocTuraet 4 MM, B TO K€ BpeMsl
pa3Mmep 3epeH KIMHOMUPOKCEeHAa U OPTOMHUPOKCEeHa
He mpeBbIaeT 2 MM. B mupokceHax HaOIOgar0TCs
JlaMeJIM OPTONUPOKCEHA, a B OPTIUPOKCEHE — KJIH-
HomupokceHa. B mopdupoodnacrax ampuboia Tak ke
MPUCYCTBYIOT CTPYKTYphI pacnana. CTpyKTyphsl pac-
nanaa B IMMpOoKceHax 1 am@pur0oax, a TakKKe CTPYKTYp-
HbBIe 0COOEHHOCTH MOPOI, YKAa3bIBAIOT Ha X IIEPBUY-
HO-MarMaTu4eckoe mnpoucxoxaeHue. OpTonupox-
CeH YacTO 3aMeIleH MEJIKO3EPHUCTBIM arperaToM,
IUICOXPaupPYIOIIUM OT KOPUYHEBOIO OO 3€JICHOBATO-
XenToro 1BeToB. Cy/s 110 pe3yIbTaTaM aHaJIU30B ar-
perart COCTOUT U3 CMeCH TaJibKa U 0roTuTa. B KitnHo-
MUPOKCEHEe HAOIIONAIOTCS JJaMeJId OPTOIMPOKCEHa.
B mnarmokiase mpUCYTCTBYIOT BPOCTKU KaJanleBOTO
noJjieBoro mmnara. I'paHat obpa3yeT KaeMKU BOKPYT
ToM 508
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Puc. 2. [1erporpadundeckue 0COOE6HHOCTU M3YYEHHBIX KOPOBBIX KCEHOJIMTOB (MIPOXOMSIINIA MOJISIPU30BaHHBIN CBET): (a) — 00-
pazen H-19-3, (6) — o6pazen H-19-28, (B) — o6pazeny H-19-31, (B) — o6pazeny H-19-37. Cpx — knuHonupokceH, Pl — miaruo-
ka3, Grt — rpanHart, Zrn — IMPKOH, Scp — ckanoyiuT, Bt — 6uorut, Sod — comanut, Amp — amdubdon, Qz — kBapir, Opx — op-
TOMUPOKCEH, U3M. OpX — U3BMEHEHHBbII1 OPTOMUPOKCEH.

3epeH PyIHOro MUHepaJia, OpTONUPOKCEHA U KJIIMHO-
nupokceHa (puc. 2 a, B). ComaiuT BCTpedaeTcs B
yJacTKax nuinga, CI0KeHHBIX (PeMUYeCKUMU MUHE-
panamu (puc. 2 B). B rpanare HabI100al0TCSI MHOTO-
YUCJIEHHBIE BKIIIOYEHUS MMUPOKCceHa W aMGubOoIoB.
IIpuBeneHHbIe B TaOJ. 2 cOCTaBbl MUHEPAJIOB KpH-
CTAJNIMYECKUX CIaHLIeB OJIM3KU K COCTaBaM MUHepa-
JIOB B TpaHaT-TIMPOKCEHOBLIX THEMcaXx.

MuHepaabHasT accolMalis TpaHaTOBOTO TpaHy-
suta H-19-28 (Cpx + Grt + P1 + Sod + Rt) otnuua-
€TCsl OT APYTUX KPUCTAJUIMUECKUX CJIAHIIEB, XOTS IO
BaJJOBOMY COCTaBY OH OJIM30K K HIM M TaK Xe XapaK-
TePU3YETCsl BHICOKUM coiepkaHueM HaTpus (Tadi. 1).
B HeM OTCyTCTBYIOT BOIOCOAEpKAlllie MUHEpasbl.
CrpykTypa mmopomasl rpaHo6iacroBas (puc. 2 6). Bo-
KpYT TPaHATOB Pa3BUBAIOTCS KEJIM(MPUTOBBIE KaiiMBI.
KianHonmpoKceHbl XapaKTepU3yIOTCSl MOBBIIIIECHHBIM
copepxxaHueM Hatpus (Tabi. 2). Habmomaercs: pa3Bu-
THE CONAIMTA MO Tutarnokiasy. [liarmokmias, B oTm-
YUM OT TUIArMOKJIa30B KPUCTAIMYECKUX CJIAHLEB U
THeiicoB, IpeaCcTaBIeH OJIMToKIa30M (An-20).

Pacnipenenenune penko3eMeNbHBIX 3JEMEHTOB
(P3D) 6auskoe y Bcex TunoB nopox (puc. 3 a). OTHo-

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

mreHue Lay/Yby BapbupyeT B uHTepBajie ot 8 mo 14.
Y rpaHaT-KJIMHOOUPOKCEeHOBOro rHeiica H-19-37 u
rpaHaT-MMUPOKCEHOBOTO KPUCTAJJINYECKOTO CJIaHIIA
H-19-31 HabmrogaeTcss 4OCTaTOYHO CUJIbHASI OTpULA-
TelbHas eBpornmeBast anomanus (Eu/*Eu- 0.77 n 0.7
cooTBeTCTBeHHO). Pacnipenenenue P35 y cnanna H-
19-3 u rueiica H-19-29 ouyeHb moxoxee, TakKe Kak y
rueiica H-19-37 m cmanma H-19-31 (puc. 3 a).
Ha mynsTusnemenTHoli nuarpamme (puc. 3 6) mopo-
Il TaK € JIeMOHCTPUPYIOT CXOXMIA XapakTep pac-
npeaeyeHusT pacCessHHBIX 37eMeHTOB. It Hux xa-
pakTepHBI oOTpuLaTeabHble aHoMannu o Zr, Hf, Nb,
Ta, Ti, P u monoxurtenbHass aHOMaJIMsI IO CTPOHLIUIO.

s oueHku PT-nmapaMeTpoB paBHOBECHSI TTIOPOL,
ucnonb3oBanuch Grt—Cpx [7], Grt—Hbl [8], Cpx—
Opx [9], PI-Hbl [10] reorepmomeTphl. JlaBieHue
ouieHuBanoch mo Grt—Hbl—-Pl1 [11], Hb—P1 [12],
Grt—Opx [13] 6apoMmeTpam.

Kaxk BumHO 13 maHHBIX Ta0JI. 3, HaOMIoHaeTCd 3Ha-
YUTENbHBIN pa3dpoc B BEIMYMHAX TeMIlepaTyp paB-
HOBECHUSI, PACCUMTAHHbLIX 10 Pa3HBIM T'€OTEPMOMET-
pam. Temneparypsl no Grt—Cpx-tepmomerpy [7]
OJIM3KM K 3HAYCHUSIM TeMIIepaTyp, MOJTyISHHBIX ITPU
ToM 508
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Ta6mma 2. CoctaB mopoaoo6pasyoIInX U aKIeCCOPHBIX MUHepaIoB (Mac. %) Mo JaHHBIM PEHTIeHOCITEKTPaIbHOTO
MUKpOaHanu3a

O6pasern |Munepain| SiO, | TiO, |Al,O3|Cr,03| FeO | MnO | MgO | CaO |Na,O| K,O | CI F | SO;3 | Cymma
H-19-37 |Cpxc 52.310.30 | 2.73] 0.12 | 9.07| 0.09|13.0 |21.6 | 0.75| 0.08| — - — 100.1
Cpxr 52.6 | 0.28 | 2.68| 0.03 | 8.67| 0.10 |13.2 |21.8 | 0.78| 0.03| — — — 100.2
Opx ¢ 51.6 | 0.04 | 2.17 | 0.03 |24.4 | 0.33]20.8 | 0.45| 0.04| 0.00| — — — 99.9
Opxr 51.9 [ 0.03 | 1.91| 0.00 {24.4 | 0.34|20.8 | 0.42| 0.07| 0.00| — - — 99.9
Grtc 38.9 | 0.06 |21.4 | 0.04|25.5 | 0.62| 7.79| 6.16 | 0.04| 0.01 | — - — 100.5
Grtr 38.8 | 0.04 [21.5 | 0.03 {26.0 | 0.73| 7.10| 6.34| 0.02| 0.00| — — — 100.5
Hbl 42.1 1237 |11.8 | 0.05 (145 | 0.07 [11.8 |11.7 | 1.45| 1.95| — — — 97.7
Pl 60.9 | 0.04 |249 | 0.00 | 0.11 | 0.00| 0.00| 7.01 | 6.94| 0.52| — - — 100.5
Kfs 64.9 [ 0.02 {189 | 0.00 | 0.05| 0.00| 0.00| 0.34| 0.39|15.9 — - — | 100.5
Bt 37.4 [ 4.89 [13.7 | 0.05|14.5 | 0.01|15.3 | 0.04| 0.16 |10.1 — - — 96.2
H-19-31 |Cpxc 51.3 10.21 | 2.96| 0.00 | 9.03| 0.11 |13.2 (22.0 | 0.90| 0.01 | — — — 99.7
Cpxr 51.2 {040 | 3.09| 0.05| 9.72 0.11 |13.3 |21.5 | 0.87| 0.11 | — — — 100.3
Opx 529 10.02 | 1.87] 0.01 {22.8 | 0.27 (22.1 | 0.40| 0.03| 0.00| — — — 100.4
Grtc 39.1 | 0.04 |21.4 | 0.00 [25.7 | 0.87| 7.32| 6.59| 0.01 | 0.01 | — — — 101.0
Grtr 38.410.22 120.2 | 0.02 [25.7 | 0.86| 6.92| 6.74| 0.02| 0.80| — - — 99.8
Hblc 42.1 {195 |11.3 | 0.04|149 | 0.07|11.8 |11.9 | 1.31| 1.73 - — 97.1
Hblr 422 ({187 |11.6 | 0.03 {152 | 0.07|11.9 |11.8 | 1.38| 1.75 - — 97.8
PI 58.2 10.01 {256 | 0.00 | 0.10| 0.00| 0.00| 7.88| 7.71| 0.49| — — — 100.0
Bt 36.5 | 4.40 [14.4 | 0.04 [14.1 | 0.02|15.7 | 0.00| 0.18 | 9.71 | — - — 95.1
Sod 37.2 1 0.01 |31.6 — 0.16 0.01 | 1.29(25.00| 0.10 | 6.43 | 0.26 | 0.02 | 100.8
H-19-29 |Cpxc 52.0 {0.32 | 3.23] 0.01 | 8.86| 0.11 [12.9 (21.8 | 0.88| 0.01 | — — — 100.1
Cpxr 52.210.27 | 3.00| 0.00 | 9.20| 0.11 | 13.3 |21.4 | 0.70| 0.01 | — - — 100.2
Opx ¢ 51.9 [ 0.04 | 1.91| 0.04 {245 | 0.3720.6 | 0.43| 0.03]| 0.03| — — — 100.1
Opxr 51.6 | 0.02 | 2.03| 0.01 {25.1 | 0.42|19.9 | 0.40| 0.00| 0.01| — — — 99.8
Grtc 38.7 10.03 |21.2 | 0.04|26.3 | 1.09| 6.75| 6.33| 0.00| 0.00| — - — | 100.5
Grtr 38.6 | 0.10 [21.0 | 0.07 [26.5 | 1.18 | 6.48| 6.35| 0.05| 0.01 | — — — | 100.4
Hblc 42.111.74 |11.6 | 0.08 [13.6 | 0.07 119 [11.6 | 1.59| 1.83| — - — 96.2
Hblr 42.512.06 |12.0 | 0.19 [15.0 | 0.07 |12.0 |11.7 | 1.44| 195| — - — 99.0
P1 60.6 | 0.00 |24.9 | 0.00 | 0.12| 0.03| 0.00| 7.28| 6.89| 0.59| — - — | 100.4
Bt 36.5 | 5.22 |13.7 | 0.03 |15.4 | 0.03|14.1 | 0.01 | 0.17 [10.2 95.4
Kfs 63.3 10.21 |18.3 | 0.00 | 0.10 | 0.01 | 0.01 | 0.09| 0.50|16.4 98.9
H-19-3 | Cpx 51.6 | 0.16 | 2.84| 0.04|10.8 | 0.22|12.8 (20.9 | 0.95| 0.01 | — — — 100.3
Cpxr 51.2 1 0.21 | 3.27| 0.04 {10.0 | 0.21 |12.5 |21.4 | 1.01| 0.00| — — - 99.8
Opx 51.5 | 0.06 | 2.24| 0.01 |24.8 | 0.49(20.2 | 0.46| 0.04| 0.02| — — — 99.8
Grt 38.1 | 0.03 [21.3 | 0.00 {249 | 1.30| 7.66| 6.85| 0.03| 0.01| — — — 100.1
Hbl 414 | 1.57 [12.0 | 0.05 [15.2 | 0.12 | 11.7 [11.8 | 1.43| 1.93| — — — 97.2
Pl 59.4 10.00 {252 | 0.00 | 0.10| 0.00| 0.00| 7.31| 7.26| 0.54| — — — 99.8
Bt 36.9 | 4.06 [14.1 | 0.07 [16.7 | 0.04|13.9 | 0.27| 0.33| 9.80 96.2
KFs 62.0 {0.36 |18.3 | 0.00 | 0.14| 0.00| 0.01 | 0.05| 0.55]|15.4 96.8
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Tab6mmma 2. OKoHUaHUTe

O6pasen |Munepain| SiO, | TiO, |Al,O4|Cr,O3| FeO | MnO | MgO | CaO |Na,O| K,O0 | Cl F | SO; | Cymma

H-19-28 |Cpxc 50.6 | 0.56 | 6.02| 0.07 | 8.52| 0.04{109 |194 | 2.83| 0.00| — — — 99.0
Cpxr 51.2 {0.54 | 593| 0.07 | 843| 0.03|11.5 [19.6 | 2.74| 0.03| -— — - 100.0
Grtc 39.6 | 0.08 (21.8 | 0.02 {22.3 | 046 9.95| 6.20| 0.00| 0.00| — — - 100.4
Grtr 39.510.08 {21.8 | 0.01 {22.3 | 046 9.97| 6.20| 0.00| 0.00| — — - 100.3
Pl 63.1 | 0.03 |22.7 | 0.00 | 0.42| 0.00| 0.00| 4.44| 893 | 0.36| — — - 99.9
Kfs 63.7 | 0.14 |18.5 | 0.00 | 0.04| 0.01 | 0.00| 0.06| 1.19 |15.1 - — - 98.7
Hbl 44.0 | 1.67 |10.2 | 0.09 |14.1 0.12 122 [12.3 1.48| 1.68| — - — 97.8

ITpumeuanue. Cpx — KimmHONMpoKceH, Pl — mmarnokias, Grt — rpanar, Bt — 6uotut, Sod — comanut, Hbl — ambu6oi (porosast ooMaHKa),
Pl — mnarmnokiias, Opx — opronupokceH, Kfs — kajiueBblii ITOJIEBOI 1ITIAT, C — LIEHTPaJIbHAs YaCTh 3€pHA, I' — KpaeBasl 4acThb 3¢pHa.

Ta6muua 3. PaccuntanHble mapamMeTphl paBHOBecHst (naBieHue (P) u temneparypa (7)) uccienoBaHHBIX TTOPOL,

7°C, (P = 10 x6ap) P, x6ap (T = 750°C)
O6pazer EG79 RO0 P08 HB94 DHPO00 M15 H84
(Grt-Cpx) | (Grt-Hbl) | (Cpx-Opx) (PI-Hbl)  [(Grt-Hbl-PI(Qtz))| (HbI-PI) (Grt-Opx)

H-19-37 749 811 804 793 9.4 7.9 10.1
H-19-29 743 739 864 864 9.7 9.2 10.0
H-19-31 696 701 797 745 - 8.0 9.1
H-19-3 796 757 833 750 - 7.1 10.9
H-19-28 796 - - - - - -

IMpumeuanue. McnonszoBaHHble reotepmomerpbl — EG79 — [7], RO0 — [8], PO8 — [9], HB94 — [10], DHP0O0 — [11], M15 — [12], H84 — [13].

ncnonb3oBaHnu Cpx—Opx-tepmometpa (800—860°C).
BonbImmHCTBO 3HaYeHUI TeMIIepaTyp, MOJyIeHHBIX
¢ IpUMEHEHNEM Pa3HbIX TEOTEPMOMETPOB, ITOITaaa-
10T B uHTepBaje 700—800°C. TemnepaTypbl paBHOBE-
cus, paccuutaHHbele 1Mo Pl—Hbl-reotepmomerpy y

ITopoma/xonaput C1
(a)

1000

100

—&— H-19-3
—&— H-19-28
—a&— H-19-31
—¥— H-19-34
—4— H-19-29
—4— H-19-37

=== BepxHsist kopa (Rudnick and Gao, 2003)
mm= HixxHsist Kopa (Rudnick and Gao, 2003)

Iloponma/IlpyMuTHBHAS MaHTHUSI

(6)

1000 ¢

100 £

10 e 107
: =& i
1 | | | | | | | | | | | | | | l | NS S Y [ Y [ S [ N N I N A |
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu \\W Ce Sr Nd Hf Eu Gd Dy Ho Tm Lu
X&’Z’ La Pr P Zr Sm Ti Tb Y Er Yb

éO

KPUCTAJUTMYECKUX CITAHIIEB, CUCTEMATUYECKNA HUXKE,
YeM y IrpaHaT-TIMPOKCEHOBBIX THEMCOB.

Benuuunbl gasneHuii (a6 3) Uit rpaHaT-MUPOK-
CEHOBBIX THelcoB nexar B mHrepBane 8.0—10.1 kbap.
st rpaHaT-TIMPOKCEHOBBIX KPUCTALIOCIAHIIEB Be-

Puc. 3. [lnarpaMmMbl pacipenesieHusI peIKuX 3JIeMEHTOB, HOpMain3oBaHHbIe Ha XOHApUT C1 (a) 1 Ha IPUMUTUBHYIO MaHTHIO (0).
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Lnpkon/xounaput C1

10000¢ (a) H-19-3 10000 (6) H-19-29 10000 () H-19-37
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Puc. 4. HopmanuszoBaHHbIe Ha XOHAPUT pacnpeneneHus P3D B 3epHax HIUPKOHOB U3 KCEHOJIMTOB, B KOTOPBIX U3MEPSUIUCH
usotonHbie oTHotueHust U u Pb: (a) — obpazeny H-19-3, (6) — o6pazewr H-19-29, (B) — o6pazeu H-19-37.

JIMYMHAa naBjieHus, oueHeHHas 1o Grt—Hbl-6apo-
METpY, JeXKUT B nHTepBaje 7.1—8.0 k6ap. /laBieHue
O TpaHaAT-OPTOIMPOKCEHOBOMY OapoMeTpy 9.1—
10.9 x6ap. OgHako HagO MPUHUMATh BO BHUMaHUE,
YTO B 3TOM Ireo0apoMeTpe MCIIONIb3YeTCsI 3aBUCH-
MOCTh pacTBopuMocTH Al,O3 B OPTOIMUPOKCEHE, paB-
HOBECHOM cC IrpaHatoM. Kak roBopujioch BhIIIIE, rpa-
HaT MOSIBJISIETCS B KPUCTAUIMYECKUX ClIaHLAX TpU
OXJIAXXAESHUH ITOPOJ, B YCIOBUSIX IIOCTOSTHHOTO JaBJIe-
Hudg. HaOmonmaroTcss KaeMKU rpaHaTa BOKPYT OpPTO-
MUpoKceHa. B To ke BpeMsi y OpTONUPOKCEHOB OT-
CYTCTBYET 30HAJILHOCTD 110 COAEPKAaHUIO AJTIOMUHUSL.
IToaTOoMy MBI cuuTaeM, YTO paBHOBECHUE I'paHarTa C
OPTOMUPOKCEHOM HE IOCTUTAIOCH.

s onpeneneHus Bo3pacta u3 odpaslia rpaHar-
nupokceHoBoro ciaHua H-19-3 u o6pa3iuos rpaHar-
nupokceHoBbIX rHeficoB H-19-29, H-19-37 6bu1u u3-
BJIeYeHbl 3epHa LUpKoHa. LIMpKOH BcTpedaeTcs B
BUJE MPU3MaTUUYECKUX U OKPYIJIbIX 3epeH (OTHOIIIe-
HHe UIMHA/IupuHa BapeupyeT ot 2.7 go 1). Th/U-
OTHOIIIEHUS Y IMPKOHOB 13 obpasua H-19-3 Bapbu-
pytoT B uHtepBaiie 0.12—0.72, B obpaszue H-19-29—
0.15—0.7, B obpasue H-19-37—0.13—0.91. Takue BBI-
COKME OTHOIIIEHHUS HE XapaKTepHbI U151 IUPKOHOB U3
MeTaMopdUUeCKHUX MOPo, B TO K& BpeMsl OHU TH-
MUYHBI IJISI IUPKOHOB U3 KCEHOJIUTOB KOPOBBIX IO~
polI B KUMOEPJIMTOBBIX TpyOKax SIKyTCcKoit aaMmaso-
HOCHOIi mpoBUHLIMHU [4]. LIMpKOHBI U3 BCeX TpexX 00-
pa3loB JEMOHCTPUPYIOT pacnpeneieHue P39,
TUIMYHOE JUJISI HIUPKOHOB U3 MarMaTu4eckux rnopoj
(puc. 4). OHU XapaKTepU3YIOTCsI KPYThIM HAKJIOHOM
B oOmactu Tskenbix P39 (Yb/Gd 7—28), orpuna-
tesabHOU Eu-anomanueii (0.22—0.94) u nonoxurenb-
Hoii Ce-aHomanueil. OTCyTCTBYIOT LIUPKOHBI C Xa-
DPaKTEPHBIM [IJIs pAaBHOBECHSI C TPaHATOM pacripe/ie-
JIeHreM Tsokesnbix P30D.

BonblIMHCTBO LIMPKOHOB U3 0Opa3lloB rpaHaT-
nupokceHoBbix THeicoB (H-19-37 u H-19-29) nHa
KJI-TonorpaMmax noxkasplBaloT OCLHALISITOPHYIO 30-
HaJILHOCTh (pHC. 5 r—H). Y HMX HAOMIOmAeTCs SIPKO
JiloMuHecuupytonias kaitma. Kpome toro, y psiaa 3e-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

PEH 00J1aCTU C OCLJUISITOPHOI 30HAJIbHOCTbIO 3aMe-
LIAI0TCS OAHOPOIHBIMU C1a00 JTIOMUHECIUPYIOLI-
MU 006J1acTAMU. BOJIBIIIMHCTBO LIMPKOHOB U3 00pasiia
rpaHaT-MMPOKCEHOBOro KpuctamaocaaHua H-19-3
MOKa3bIBAlOT CJabyl0 30HAJIbHOCTH (puUC. 5 ¢G—B).
Penxko BcTpeualoTcsi 3epHa € OCUMJUISITOPHOM 30-
HaJILHOCTBIO. Y BCeX 3epeH, KaK U y LIUPKOHOB U3 00-
pa3loB I'paHaT-MUPOKCEHOBBIX THEHCOB, OTMEYaeTcsl
y3Kasl SIpKo JIIOMUHEeCIMpYyIollas Kaiima.

M3 o6paszua H-19-3 Obuto mpoaHaau3mpoBaHO
26 3epeH LMPKOHOB. BOJIBIIMHCTBO 3epeH C BEIUYM-
Hoit nuckopnanTHocTH (Dis = (1 — 2°°Pb/?3U — Bos-
pact/?YPb/?°Pb — Bospact) X 100) MeHbllE 2 1aI0T
cpenHee 3HaYeHUs Bo3pacTa 2717 £ 7.5 maH net. Pas-
OGpOC KOHKOPIAHTHBIX BO3PACTOB JIEKUT B MHTEpBaJje
2765—2607 muts net (puc. 6 a). Ha rpaduke mioTHo-
CTH pacrpeaeeHUs BEpOSITHOCTA UMeeTCs IBa TTNKa
(puc. 6 6). I'maBHBIA MK OTBeYaeT BO3pacTty 2736 MIIH
JIeT. AHaJIU3 CUJIBHO JIIOMMHECLIMPYIOIINX KaeMOK
LIMPKOHOB T10Ka3aJl, YTO OHU XapaKTePU3YIOTCSI HU3-
KUMU COOEpPXAaHUSIM CBUHIIA, B OTIMYKME OT CJ1abo
JIIOMUHECIIMPYIOINX obJracteit. Tak, B 3epHE LIUPKO-
Ha u3 obpas3ua H-19-3 (puc. 5 a) ueHTpanbHas 4acTh
COIEPKUT 43 ppm CBHUHIIA, B TO BpeMsI KaK SIPKO JIIO-
MUHEcCHMpyoIas 06j1acte — 2 ppm. B sipko nromu-
HECHMPYIOIIE 0071acTh U 3HAYUTEIbHO OoJiee HU3-
kue comepxanuss U um Th. Th/U-oTHoureHuss Bo
BHENIHEe 001acTh cocTaBidioT BeaumuuHy 0.12, BO
BHyTpeHHeil — 0.56. B To Xe Bpemst 06e obactu
MMEIOT MIPAaKTUUECKU ONUHAKOBBbIE KOHKOPIAHTHBIE
3HAYCHMUS aOCOIMIOTHBIX BO3pacToB — 2725 + 24 m
2736 £ 79 MJIH JIET COOTBETCTBEHHO (pHUC. 5 a).

M3 obpazua H-19-29 nnpoananu3upoBaHo 84 3ep-
Ha. 38 aHaAIM30B TMOKAa3bIBAIOT BEJINYUHY OUCKOP-
JmaHTHocTu Oonbnie 2. KoHKOpmaHTHBIC 3HAYCHUS
Bo3pacTa JjexaT B uHTepBaie 2790—2405 muH jer
(puc. 6 B). Ha nuarpammMe ¢ KOHKOpaUeil TUCKOPIUSI
nmaeT BepxHee rnepeceueHue 2704 + 13 MuIH JIeT U HILK-
Hee nepeceueHue 1949 + 130 MiiH JieT. Y ogHOro 3epHa
sIpKast JIIOMUHECIIUPYIOIIAst 001aCTh MOKA3hIBAET KOH-
KOpIaHTHOE 3HauyeHue Bo3pacTa 2739 * 27 MIIH JeT.
ToM 508
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Puc. 5. HpeI[CTaBI/ITeJ'II:HBIe KaTOoAOTIOMUHECLUEHTHBIE TOIMOrpaMMbl LIMPKOHOB U3 UCCIIEAOBAHHbBIX KCEHOJIUTORB! (a) — o6pa3eu

H-19-3, (6) — obpazeu H-19-29, (B) — obpazen; H-19-37.

Ha rpacduke nimoTHocTH pacnpeneieHusT BEpOsSITHO-
CTH ITMK OTBeYaeT Bo3pacTy 2734 MiH JieT (puc. 6 T).

M3 o6pasua H-19-37 npoananusupoBaHo 51 3ep-
Ho. [IpakTmdeckn Bce 3epHa AEMOHCTPUPYIOT OC-
LUUISITOPHYIO 30HAJIBHOCTh. AHaIU3bl C JIUCKOP-
JMAHTHOCTBIO MEHBIIIE IBYX TAIOT BO3pacTa B MHTEpBaJie
2776 £ 23—-2504 + 28 muH net (puc. 6 m). Auckopaust
JaeT BepxHee nepeceuenue 2680 17 MIIH JIET M HUXK-
Hee 1920 £ 140 maH Jnet. SpKo JrOMUHEeCUUPYIOLINE
KaeMKHN NaloT TUCKOpAAHTHBIE BO3pacTa, XOTsS Bce
oHU OMM3KKU K Bospacty 2.7 mupa jaetr. Ha rpacduke
TUIOTHOCTY pacIipeie]icHUs] BEpPOSITHOCTH  TJIaBHBII
MUK OTBEYaeT Bo3pacTy 2712 MiH JieT (puc. 6 e).

OBCYXIEHHWE PE3VIILTATOB

CTpyKTypHI paciiaga B MupokKceHax n am¢pundoaax
W3YYEHHBIX MOPOJ CBUAETEIBCTBYIOT O MarmMaTruye-
CKOIi mpupoIe UX IIPOTOIUTOB [ 14]. Panee aHanormuy-
HbIA BBIBOJ ObLJ C/ieiaH B OTHOIIEHUUW KCEHOJIUTOB
MapUuUeCcKUX rpaHaTOBBIX TPAHYJIUTOB U3 KUMOEPJIU -
ToBOIT TpyOKu YmauHas [15]. C npoueccoM OCThIBa-
HUS MPU MOCTOSIHHOM JIaBJIEHUY CBSI3aHO W MOSIBJIE-

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

HUE pa3HOBUIHOCTE ¢ TpaHaTOM. B M3y4eHHBIX KCe-
HOJIUTaX TPaHAT-MUPOKCEHOBBIX KPUCTAJUIMYECKUX
CJIaHIIeB HAOII0MAI0OTCS KaeMKU T'paHAaTOB, pa3BUBa-
IolIMECs] BOKPYT TIMPOKCEHOB U PYIHBIX MUHEPAIOB
(puc. 2 a, B). OTMeTUM, YTO B LIUPKOHAX, AEMOHCTPU-
PYIOIIMX OCLUJUISITOPHYIO 30HAJILHOCTD, YCTAaHOBJIE-
Hbl BKJIIOYEHUSI KIMHOIMMPOKCEHOB, TJIaTMOKIa30B,
onotuTa 1 am@UOO0JIOB, UMEIOIINX COCTaB, OJIN3KHIA
K COCTaBy MUHEPAJIOB MOPOJ, U3 KOTOPBIX OBLIU U3-
BJI€YeHBI HUPKOHHI (Tad. 4). Hanmmune ocoumisatop-
HOM 30HAJILHOCTU B LIMPKOHAX 1 XapaKTep pacrpee-
JneHust P39 cBUIETENbCTBYIOT 00 MX MAarMaTUYe€CKOM
npoucxoxaeHu. Ha 3ToM ocHOBaHUM MOXHO Clie-
JIaTb BBIBO, YTO BOAOCOAEpXKAIlIMe MUHEPAIbI B MO-
pomax He SIBIISTIOTCSI BTOPUYHBIMU, 3 KPUCTAILUIN30Ba-
JIUCh Ha 3aKJIIOYUTEIbHBIX 3Tarax MarMaTuyecKou
craguu. OcoOeHHO cieayeT OTMETUTh Halnudue
BKJTIOUEHMS COJAIMTA B IMPKOHE M3 00pa3lia rpaHaT-
nupokceHoBoro kpucrauiociania H-19-3. Comanur
MIPUCYTCTBYET BO BCeX KPUCTAJUIOCIAHIIAX KaK C rpa-
HaTOM, TakK U 0e3 rpaHata B HanMeHee n3MeHEHHOM
oOpa3slie TpaHaT-MMPOKCEHOBOr0 KPHUCTAUIOCIAHIIA
H-19-31 comaauTt oTrMedaeTcsl TOJBKO B y4YacTKax
ToMm 508
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Puc. 6. [ImarpaMmMbl ¢ KOHKOpAKeEi (ciaeBa) v rpacdrKy paciipene/ieHus OTHOCUTEIbHOM BEPOSITHOCTA BO3PACTOB (CIIpaBa) ISt
MCCIIeJOBaHHBIX LIMPKOHOB: (a, 6) — obpaselr H-19-3, (B, r) — o6paszen; H-19-29, (u, ) — o6pazen H-19-37. CKBO — cpenxe-
KBaJpaTUYHOE OTKJIOHEHMUE.

nuiida CIOXEHHBIX, IJITaBHBIM O00Opa3oM, deMude-
CKMMU MUHEpaJlaMU, BKJIIOYAIOIIMMU TpaHat. B 00-
JIACTSIX, CJIOXKEHHBIX TOJIBKO 3epHaMU ILJlarMoKJiasa,
CONIUT OTCYTCTBYeT. B OTHEeNbHBIX MecTax OH

OKaMJISIET yYacTKW, CJIOXEHHBIe MahuIecKuMU
MuHepanamu (puc. 2 B). B To e BpeMst HabogaeTcst
3aMellleHne 3epeH TUTarioKiasa comajuToM. B 00-
pasiie macdudeckoro rpaHyaura H-19-28 comamur
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Taomna 4. CocTaBbl MMHEPAJIOB-BKIIIOUEHUI B IMPKOHAX (Mac. %) 110 JaHHBIM PEHTTeHOCTIEKTPaTbHOTO MUKPOaHaI3a

O6paser; | Munepan | SiO, | TiO, | Al,O3 | Cr,O3 | FeO | MnO | MgO | CaO | Na,O | K,O [Cymma
H-19-3 Bt 37.1 0.80 17.3 0.01 13.8 0.09 | 15.6 0.04 | 043 9.87 | 99.0
Bt 37.3 1.34 | 16.2 0.04 | 15.0 0.05 | 14.7 0.20 0.35 9.73 98.9
Bt 47.1 2.28 18.6 0.03 | 10.9 0.02 8.19 | 2.50 1.26 7.09 | 101.9
Bt 40.5 2.88 14.3 0.07 12.6 0.08 11.8 4.18 1.62 7.97 | 99.9
Sod 38.3 0.02 | 29.2 0.03 0.2 0.00 0.0 1.54 | 22.7 0.08 | 92.1
Amp 44.5 1.60 | 12.0 0.09 | 13.7 0.13 10.6 11.58 1.27 1.78 97.2
Amp 41.5 0.45 13.8 0.03 15.4 0.13 11.9 10.60 1.76 2.55 | 98.1
Opx 52.3 0.02 1.59 | 0.04 | 23.8 0.52 | 20.8 0.39 0.00 0.03 99.5
H-19-29 Kfs 62.0 0.05 | 19.0 0.03 0.08 | 0.00 0.38 1.74 1.81 | 11.8 96.9
Opx 53.1 0.05 1.45 | 0.01 21.6 0.40 | 21.5 1.20 0.13 0.07 | 99.4
Bt 36.9 1.76 | 14.7 0.19 13.8 0.05 15.4 0.01 0.38 9.69 | 96.9
H-19-37 Cpx 52.5 0.17 2.31 | 0.01 7.81 | 0.10 13.3 | 22.0 0.74 0.02 | 99.0
PI 61.3 0.00 | 254 0.06 0.28 | 0.02 0.01 6.94 6.78 1.61 | 102.5
Kfs 64.7 0.01 18.04 | 0.02 0.04 | 0.02 0.07 | 0.23 2.13 | 13.0 98.2

MPUCYTCTBYET COBMECTHO CO CKaroJuToM. B aToit
CBSI3U CJIeyeT OTMETUTh, YTO CKAITOJUT JOCTATOUHO
4yacTo BCTPeYaeTCsl B KCEHOJIUTaX OCHOBHBIX IPaHy-
JIMTOB KUMOEpIUTOBOM TpyOKM YoauHasd [15]. B To ke
BpEMsI COIAJIUT paHee He ObLJT OTMEUEH B KCEHOJIUTAX
KOPOBBIX MOPOJ, M3 KUMOEPJIMTOBBIX TPYOOK AKyTCKOI
aIMa30HOCHOM MpoBUMHILMM. Ha ocHoBaHMM HMelO-
IIUXCS JAHHBIX TPYIAHO cAejlaTh OKOHYATEIbHOE 3a-
KJIIOYEHUE O MarMaTM4eckoM WU MeTacoMaTuye-
CKOM MpPOUCXOXAeHUU comanuTa. OgHaKo Haauuue
cojanudTa B TIOpOJaX CBMUIAETENILCTBYET O MPUCYT-
CTBMUM PaccCoOJIOB C BBICOKOM KoHIueHTpauueit NaCl
Ha CTaauu ero obpaszoBaHus. TeMmnepaTypbl paBHO-
BECHSI IOPOJT, COASPKAIINX CONAIIUT, JIeKaT B UHTEP-
Bajsre 830—740°C (tabm. 3). Cnegyer OTMETUTH, 4TO,
CONJIACHO DKCMEPUMEHTAIbHBIM  UCCJIeIOBAHUSIM
BEPXHUM TIpeAeN 10 JABJACHUIO IS CONAIUTa IIpH
temrmieparype 750°C cocTaBiisieT oKoJjo 7.5 kb6ap [16].
ComtacHo amM@UOOJI-IIJIATMOKIIA30BOMY 0apoMeTpy
[12] maBmenme st obOpaslia KpUCTAUTMISCKOTO
cinanua H-19-31 cocrasaser 6.9 k6ap, mig obpasia
H-19-3—6.8 x6ap. st 0o6pasiia rpaHaT-IIMPOKCEHO -
Boro Kpuctauiocianua H-19-28 napieHue He MoxeT
OBbITh OlLIeHEHO. B To Xe BpeMsl BeJIMUMHBI JaBJICHUS
ISl TPAHAT-TIMPOKCEHOBBIX THEMCOB T10 pa3InYHbIM
reobapomMeTrpam jexart B uHtepBaie 9.1—10.0 k6ap, a
TeMIiepatyphl cocTaBistior 750—860°C.

Takum 06pa3oM, MBI MOXKEM 3aKITIOUUTh, UTO Tpa-
HaT-MIMPOKCEHOBBIE KPUCTAUIMIECKUE CIIAHIIBI OT-
BEYaloT YPOBHIO CPEIHEN KOPHI, B TO BpeMsl KakK Ipa-
HaT-TIMPOKCEHOBbIC THEHCHI MOTYT pacCMaTpUBaThCS
KaK MpeNCcTaBUTENIN 6oJiee IITyOOKMX TOPU30HTOB KO-
pul. PT-miapaMeTpbl paBHOBECHsI TpaHaT-TIMPOKCe-
HOBBIX THEMCOB OJIM3KN K TAKOBBIM JIJIs1 KCEHOJIMTOB
rpaHaT-IMMPOKCEHOBHBIX THEMCOB M3 PACTIOIOXKEHHOMN
psIIOM KUMOEpIUTOBOM TpyOKM 3amnonspHas [3].
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ITonyyeHHble BoO3pacTa ILMPKOHOB CBUIETEb-
CTBYIOT O HEOApXEeMCKOM BO3pacTe KpucTain3aluu
LIMPKOHOB B THEMcax M KPUCTAJIMUYECKOM CJaHIIE.
Ot Bo3pacTta aHagormdyHbel U—Pb-Bo3pacTtaMm mmp-
KOHOB, IIOJIyYEHHBIX paHee [Jis KUMOEPIUTOBOIA
TpyOoku 3anosspHasd [3]. HukHue rmepecedeHUsST AUC-
KOpAWM Ha JAuarpamMme ¢ KOHKOpAMEM IJig rpaHat-
IMMUPOKCEHOBBIX THEMCOB 13 KUMOEPJIUTOBOI TPyOKM
HoBuHKa MOTYT MHTEpIIPETUPOBAThCS KaK 3Tall MoTe-
pY CBUHIIA, UMEIOIINiA Bo3pacT 1.9 mipx jiet (puc. 6).

Ha rpadukax mjiIoTHOCTU paclipeleieHus] Bepo-
SITHOCTH MUK 2.7 MJIpH JIET He XapaKTepeH IJIST I1p-
KOHOB 13 KUMOEPINTOBBIX TPYOOK ATaknUT-MapXmH-
ckoro 1 JaiaslHCKOTO KUMOEpPIUTOBBIX TToJiei [ 17—
19]. HupKOHBI U3 KCEHOJMUTOB 3TUX KUMOEPJIUTOBBIX
MoJIei MOKa3bIBalOT mIaBHbIe MUK 1.97—1.85 Mupn
seT. ITuk 2.7 Mapa JIET TIPOSIBJICH TOJIBKO Y LIUPKOHOB
M3 KCEHOJIUTA IBYITMPOKCEHOBOIO TPAHYJINTA CPEIHETO
cocTaBa U3 KUMOEPJINTOBOI TpyOKM YinadHas [4].

HMHuas kapTrHa HabMogaeTcsl y IMPKOHOB U3 KO-
pPOBBIX KCeHONUTOB HakbIHCKOTO KMMOEPIUMTOBOIO
noJist. Ha rpaduke rioTHOCTH paciipeieieHIsI BEpo-
SITHOCTU LIUPKOHBI U3 KCEHOJUTOB IPaHyJIMTOB Ma-
¢dUrIeckoro M cpeaHero coctTaBoB U3 TpyoOku boTty-
OOMHCKas MOKa3bIBAIOT CAMBIN CUJILHBIN MUK, OTBE-
yarluii Bo3pacty 2.7 mipa et [3]. B To xe Bpems
Ha rpadrKax oTcyTCcTByeT nuk 1.9 Miipa jiet. Y Kopo-
BBIX KCEHOJIUTOB U3 PACIOJIOXKEHHOU Ha pACCTOSIHUU
3.3 kM ot Tpyoku boryobuHckas Tpyoku HiopOuH-
cKasl, Hapsay ¢ MUKoM 2.7 MJpH JeT MPUCYTCTBYET
nuk 1.9 miapn ner.

TakumM o06pa3zoM, MPOBEACHHBIE WCCIECIOBAHUS
MOKA3bIBAIOT, YTO B CPEOHEN WM HUXKHEU KOpe MOI
BepxHe-MyHCKUM KUMOEPIUTOBBIM MOJEM (pUKCU-
pyeTcsl TeKTOHO-TepMaJbHbI 3Tall 2.7 MJIPA JIET, CO-
MPOBOXIABIINICS TUTABJICHUEM KOPBI 1 KPUCTAJIN-
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OCOBEHHOCTU CTPOEHUA 1 5BOJIOLNN

3alMeit LMpKOHOB. Artamn 1.9 mupn Jier, KOTopblit
HanboJiee CUJIBHO TIPOSIBIIEH B KOPOBBIX KCEHOIUTAX
13 KUMOEPIUTOBBIX TPYOOK JanabIHCKOTO U AJTaKUT-
MapxrHCKOTO KMMOEPIUTOBBIX MOJEH, c1adbo mpo-
SIBJIEH U (DUKCUpYeTCs JIOKAIbHO B KOpe B palioHe
Bepxne-MyHCKOro KnOEepaIUTOBOTO IIOJIS TOJIBKO B
LIMPKOHaX rpaHaT-NUPOKCEHOBbIX THEHCOB.

bmrxe Bcero Kk KoTyiikaHCKOW KOIIM3MOHHOM
30HE pacrioJioXeHO AJjakuT-MapxuHCKoe TMoJjie
(puc. 1). B To xe Bpemst BepxHe-MyHCKoe KUMOEp-
JIMTOBOE IIOJI€ PACHOJIOXKEHO PSIOM C BBIICICHHOM
O.M. PoszeHoM rpaHuiieii mMexamy MapxMHCKUM U
HannoerHckuM Teppeitnamu [1]. O.M. Po3eH TpakTyeT
3Ty TPaHUILy KaK KOJJIM3MOHHYIO 30HY C BO3pacTOM
okoJjio 2.3 mipn jer. Panee HaMu OBLIO ITOKAa3aHO,
YTO OOHU U T€ K& TeKTOHO-TepMaJIbHBIE 3TaIlbI IIPO-
saBjeHbl B JanabiHCKO M1 MapXWHCKOM TeppeiiHax,
YTO CTABUT IO BOMIPOC TTPAaBOMOYHOCTD BBIICICHUS
MapxuHckoro TeppeitHa. [IposiBieHre B LIMPKOHAX,
IJIABHBIM 0O0pa30oM, HeO0apXeliCKOro TEKTOHO-Tep-
MaJIbHOTO 3Tara U OTCYTCTBHE CBUACTEILCTB 3TArla C
BO3pacToM 2.3 MJIpA JIET U cJ1ab0e MPpOsIBJICHUE 3Tara
1.9 MJpa JIeT cTaBAT HAa MOBECTKY BOMPOC O HATUYUU
KOJUIM3MOHHOII 30HBI MEXIy IIpearnojiaracMbIMU
MapxuxckuM u JamopiHcKuM TeppeitHamu [3]. Pe-
3yabpTaTel onpeneiaeHnss U—Pb-Bo3pacTta m m30ToI-
Horo coctaBa Hf IMpKOHOB CBUIETEILCTBYIOT O TOM,
YTO Kopa B paiioHe JlaJabIHCKOTO KMMOEPIUTOBOIO
nojs OblIa TepepaboTaHa B OOMBIIEH CTETeHU IO
CpPaBHEHUIO C KOpoil AJakuT-MapxXmHCKOTO IIOJIS
[20], xoTa AnakuT-MapXmuHCKOE IT0JIe PACIIOIOKEHO
ommke k KoTyiikaHCKOM KoIM3uoHHOM 30He. Ta-
KUM 00pa3zoM, MMEIOIMECS Ha HACTOsIee Bpems
JIaHHbIE HE JAIOT CBUACTEILCTB 3aBUCUMOCTH IPOSIB-
JIEHUSI TEKTOHO-TepMaJIbHOTO 3Tama 1.9 mipa jet oT
MOJ0KEHUSI KUMOEPIUTOBBIX TPYOOK OTHOCHUTEIBHO
[JIABHBIX 30H KOJUIU3UMU.

ITonyyeHHbIE JaHHBIE OATBEPKIAIOT CAETAaHHOE
paHee 3aKJII0YEHUE O BEPTUKAJIbHOM U JIaTepaJIbHOM
HEOMHOPOJHOCTU KOpbl SKYTCKOI aiMa30HOCHOI
MPOBUHIIMU Y OTCYTCTBHE 3aBUCUMOCTU MEXIY CTe-
MEHbIO MepepabOoOTKN KOPbI U TIaBHBIMU KOJUTM3UOH -
HbIMU 30HaMu CuUOMpPCKOTO KpaToHa. DTO Aaj0o OC-
HOBaHME BbICKA3aTh MPEAIOJOXKEeHNE, YTO YCTaHOB-
JIeHHble B Kope SKyTcKkoil KMMOEpJIMTOBOI
MPOBUHLIMU TEKTOHO-TepMaJibHbIe 3Tansbl (2.9, 2.7 u
2—1.8 MJIpA JIeT) CBSI3aHbBI C TTIOABEMOM CYIIEPILTIOMOB
[4]. ITonmyyeHHBIE HOBbIE JAaHHbIE TOATBEPKIAIOT 3TO
MpennoaoxeHue.

NCTOYHUKN OPUHAHCHPOBAHUA

M30TOIHBIE U TEOXUMUYECKUE UCCIIETOBAHUS BBIITON -
HeHbI 3a cyeT rpaHTa PH® Ne 22-27-00195. Komnekius
o0pa3loB coOpaHa BO BpeMsl MOJIEBbIX MCCIeAOBaHUIl B
pamMkax rocynapctBeHHBIX 3agannii UI'M CO PAH u UT'X
CO PAH.
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FEATURES OF THE STRUCTURE AND EVOLUTION OF THE LOWER PARTS
OF THE CONTINENTAL CRUST OF THE YAKUTIAN DIAMONDIFEROUS
PROVINCE IN THE AREA OF THE UPPER-MUNA KIMBERLITE FIELD
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Upper Muna kimberlite field) showed that the crust at different levels is composed of pyroxene, garnet-py-
roxene crystalline schists and garnet-pyroxene gneisses. Exsolution textures in pyroxenes and amphiboles,
granat rims around grains of ilmenite and pyroxenes indicate that the mineral associations of crystalline
schists were formed during cooling at constant pressure. P— 7T equilibrium parameters indicate that garnet-
pyroxene crystalline schists are present in the middle crust (P = 7—8 kbar), while garnet-pyroxene gneisses can be
considered as rocks of the lower crust (P = 9—10.1 kbar). For the first time, sodalite was found in xenoliths of crys-
talline schists, which indicates the presence of brines with a high concentration of NaCl at the final stages of rock
cooling. The determination of the U—Pb age of zircons testifies to the Neoarchean (2.7 Ma) tectono-thermal
event, accompanied by the melting of the crust. In the garnet—pyroxene gneisses, the 1.9 stage is weakly manifi-
stated. The obtained data confirm the earlier conclusion about the vertical and lateral heterogeneity of the crust of
the Yakutsk diamondiferous province and the absence of dependence between the degree of crust reworking and
spatial location relative to the main collision zones of the Siberian craton.

Karouessie crosa: lower continental crust, kimberlie, xenolith, U—PDb zircon dating, protolith age, P—T con-
ditions of metamorphism, tectono-thermal stages
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